Abstract: Ultrasonography is a method of imaging that classically is used in dermatology to study changes in the hypoderma, as nodules and infectious and inflammatory processes. The introduction of high frequency and resolution equipments enabled the observation of superficial structures, allowing differentiation between skin layers and providing details for the analysis of the skin and its appendages. This paper aims to review the basic principles of high frequency ultrasound and its applications in different areas of dermatology.
INTRODUCTION
Diagnostic imaging methods are increasingly used in dermatology. 1 Techniques such as dermoscopy, confocal microscopy, optical coherence tomography and high-frequency ultrasound (HFUS) enable the study of skin lesions in real time, non-invasively and without radiation. [2] [3] [4] [5] [6] [7] However, these tests vary considerably when evaluating its penetration, resolution and applicability. 8 Ultrasonography with frequency higher than 7 MHz allows the observation of the skin and its appendages, subcutaneous tissue and deep structures (muscles, tendons, bone margins and regional lymph nodes). Blood flow can be estimated with color Doppler use. 9 The development of devices with frequencies above 15 MHz allowed the differentiation of skin layers, increasing considerably its use in dermatology. 10 The high frequency equipment (>15 Hz) have little penetration and excellent resolution for the study of superficial structures. 11 By analyzing the skin surface in three dimensions, the HFUS, associated with color Doppler, allows the investigation of tumor and inflammatory diseases, the measurement of skin thickness and evaluation of proposed treatments.
screen, different shades of gray. The pioneers in using ultrasound in dermatology were Alexander and Miller, in 1979, who used a unidirectional device (A-mode) to measure skin thickeness. 14 In the 80s, emerged the equipment with B-mode, bidirectional, increasing its application in dermatology. 13, 15 The development of new electronics components and the introduction of techniques for digital analysis allowed the improvement of the image, essential for the diagnostic accuracy.
PRINCIPLES
A basic knowledge of the principle of ultrasound is essential for a correct interpretation of the image.
The main component of an ultrasound device is called transducer. Transducers have a material (usually piezoelectric crystals) that generates acoustic waves when subjected to an electric voltage. 16 This wave propagates in fluid and/or surrounding tissue and the echoes (back waves) reflected by these structures return to the transducer, which transforms them into electrical energy. Thus, the transducer is the element that transforms electrical energy into mechanical acoustic wave and makes the reverse process when receiving the echoes, being the transmitter and the receiver component. 17, 18 The electrical energy, after being processed by the computer, causes the formation of an image view at the monitor. This is represented on the screen by luminous points that vary in intensity according to the degree of reflection of different structures that the sound beam crosses. This variation is what makes ultrasound an excellent method for assessing edges and interface between different regions. 7 In two-dimensional-ultrasound (B-mode), the brightness of each pixel corresponds to the amplitude of the echo. 18 The intensity of the echoes in the image is called echogenicity. Images with high intensity echoes are called echogenic or hyperechoic; those with low intensity are called hypoechoic; and the ones without echoes, anechoic or echolucent. What determines the echogenicity of each tissue is the speed at which the sound wave can pass through it and the quantity and intensity of echoes returned to the device. In normal skin, the echogenicity of each layer depends on its main component that, in the epidermis, is the keratin; in the dermis, is the collagen; and in subcutaneous tissue, is the fat lobules. 19 The interval between the emitted and reflected waves allows to calculate the distance between the reflected structures.
The images are obtained in vertical sections and both the resolution and penetration vary according to the frequency. 16, 20 The higher the frequency, the shorter the wavelength that reaches the tissues: better reso-lution and less penetration. In dermatology, high resolution devices with high frequency transducers are used. 16 Devices of 20 to 25 MHz enable the study of the dermis and epidermis and are those with the best resolution for the observation of surface structures. Frequencies between 50 and 100 MHz present little penetration, limited to the epidermis. 7 Doppler is based on the principle that sound waves emitted by the transducer and by the reflector move in relation to each other. Thus, the Doppler is used to moving structures, such as the blood flow. On color Doppler the blood flow is differentiated by colors while the power Doppler shows the flow volume. 7 Technological advances increased the sensitivity of color Doppler, eliminating the use of contrast medium and reducing the risk of potential adverse events.
21

TECHNICAL CONSIDERATIONS
The skin ultrasound examination starts with thorough inspection of the site to be examined. Subsequently, a thick layer of gel is applied between the skin and the transducer to obtain a best focal point. Thus, the residual vegetative lesions can better defined.
It's important the use of sensitive transducer, which fits the skin contour of different body segments such as face and distal phalanx. The contact of the transducer with the skin should be as smooth as possible to avoid compression of the anatomical structures that, in this tissue, are superficial and thin.
For the examination of the nails, the fingers should be fully extended. A gelatinous cushion can be used to study the nail unit. 21 The trichotomy of a hairy area to be studied should be made preferably with blade and not with scissors, allowing better contact between the transducer and the skin. The hair shaft can also be assessed in the HFUS.
To study the lesions that have severe crusting or keratinization it is recommended to remove them, since they cause attenuation of the sound beam, reducing the accuracy of the test.
An appropriate dermatologic evaluation using HFUS includes discriminating the exact topography to be studied, differentiating the skin layers, their thickness and vascularization, and possible associated pathological findings. 19 Lesions, if present, should be evaluated regarding three-dimensional size, thickness and depth, morphology, content (cystic, solid or mixed), foci of calcification or necrosis, vascularization, exact location and involvement of adjacent structures.
22
ULTRASONOGRAPHY OF THE NORMAL SKIN
To identify skin changes with HFUS is necessary, first, to understand the ultrasonographic findings of normal skin.
HFUS with frequency higher than 20 MHz clearly reflects the different layers of the skin. 11 The epidermis is presented as a hypoechoic line; the dermis, as a hyperechoic band, less shiny than the epidermis; and the subcutaneous tissue, as a hypoechoic layer with the presence of hyperechoic longitudinal structures corresponding to fibrous septa therein (Figure 1) . 19 However, echogenicity and thickness of the dermis are variable depending on the age of the patient. In newborns, it is slightly hypoechoic, as in the elderly or in individuals with intense actinic damage, it is observed, between the epidermis and the dermis, a hypoechoic line called epidermal band of low echogenicity -sonographic representation of elastosis and laxity of the papillary dermis. 23, 24 Skin layers of the scalp are similar to other sites. However, hypoechoic structures arranged obliquely are observed, corresponding to hair follicles. Depending on the stage of the hair cycle, these structures may be observed in the dermis or subcutaneous tissue (Figure 2 ). In palmoplantar region, the epidermis appears as hypoechoic bilaminar structure, which may be the result of the contrast between the skin itself and the very thick and compact stratum corneum. 17, 19 Nail unit structures are well differentiated in HFUS. The nail plate presents bilaminar aspect due to ventral and dorsal plates. Below the nail plate, there is a hypoechoic area that corresponds to the nail bed. In the proximal part of this region is the nail matrix, which is echogenic. Below the nail bed, there is a strongly hyperechoic line corresponding to the distal phalanx bone (Figure 3 ).
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APPLICATIONS
SKIN TUMORS
In HFUS, skin cancer, malignant or benign, usually presents as hypoechoic areas in contrast to the adjacent healthy tissue. 18, 27 In addition to echogenicity, it's possible to assess the lesion shape, the longitudinal, transverse and axial measures, the edges, the contour and the involvement of deep layers, such as muscle, cartilage and bone. 28 The study of the vascularization can be accomplished with the combination of color Doppler or power Doppler, which allows ob- serving the distribution, size and nature (arterial or venous) of tumor vessels. 29 As the cutaneous lesions may be asymmetric, the measurement of the tumor thickness should be based on the site of greater invasion.
Some skin tumors can be distinguished by ultrasound image. Basal cell carcinoma (BCC) presents as a hypoechoic area, well defined, with irregular contour, usually located in the dermis, but may extend to deep planes. 30 Often the presence of hyperechoic spots inside the tumor is observed. These images are attributed to the presence of corneal cysts, microcalcifications and clusters of apoptotic cells within the tumor mass ( Figure 4) . 18, 31 There are reports in the literature of subclinical satellite lesions that were diagnosed using HFUS. 30 The intra and peritumoral blood flow is discrete and consists of arteries and veins of low flow. 29 To evaluate the morphology, vascularization and thickness of BCC, HFUS can be an excellent tool in choosing the therapeutic approach. It provides a detailed preoperative study, reducing the number of incompletely excised lesions and avoiding large resection, which could lead to functional and aesthetic problems. In non-surgical treatments, such as photodynamic therapy and immunomodulators, it allows the monitoring of the treatment in a noninvasively manner.
Although the appearance of BCC and squamous cell carcinoma (SCC) are similar in HFUS, it is possible to suggest the distinction between these two tumors, since the latter seldom presents hyperechoic points within the tumor. SCC, due to its more aggressive behavior, is more likely to invade soft tissues, cartilage and adjacent bone. In color Doppler mapping, there is a mixed pattern with internal and peripheral vascularization. Marmur et al point out that, due to the SCC characteristic of generally presenting hyperkeratosis and to the higher inflammatory process associated, the tumor area can be overestimated when evaluated by ultrasound. 18 In melanoma, HFUS is used to establish the tumor thickness, margins and vascularization. 32 In the ultrasound image, melanoma usually presents itself as a homogeneous hypoechoic area, oval or spindle-shaped ( Figure 5 ). Despite nevic lesions present irregular echogenicity and melanoma, homogeneous, these lesions cannot be differentiated by HFUS, which may overestimate tumor size in lesions with nevus-melanoma association. 33, 34 In ulcerated lesions, skin may be irregular. 35 The mapping of melanocytic lesions with color Doppler shows that, in melanoma, vascularization is more intense than in benign lesions, predominating arterial vessels of low flow. Bessoud et al, in a study of pigmented skin lesions, showed that the detection of intralesional blood vessels has 100% spec-ificity and 34% sensitivity in distinguishing between melanoma and non-melanoma tumors. 36 The metastatic potential of these lesions can also be estimated by the study of tumor angiogenesis. 35, 36, 37 Samimi et al demonstrated that HFUS can be used to differentiate metastatic melanoma from blue nevus in patients with a history of melanoma presenting homogeneous blue lesions on dermoscopy, eliminating unnecessary excisions nevus. In the ultrasound image, the nevic lesions present discoid shape and are located in the dermis, while the metastatic lesions have irregular shape and are situated in the hypodermis (Figure 6 ). 28 Solivetti et al suggest that, to detect metastatic lesions, a transducer of different frequency is necessary because, depending on the site and size of a lesion, it can be well observed in a particular frequency and be completely invisible in another. 38 Ulrich et al showed that assessment with HFUS to detect melanoma metastases in regional lymph nodes has better sensitivity and specificity than clinical examination, which can be very relevant due to the 39, 40 Metastatic lymph nodes, in the ultrasound, are round, with clear edges and hypoechoic or echolucent center (necrosis), whereas reactive lymphadenopathy present elliptical aspect with hyperechoic center and central vascularization. 7, 38, 41 Some factors may lead to error in measurement of tumor thickness with HFUS. Inflammatory process associated with cancer or prior to the examination procedures, presence of hypertrophic perilesional glands and nevus-melanoma association may overestimate its size while the presence of ulceration may underestimate it. 29, 31, 42, 43 
INFLAMMATORY AND INFECTIOUS DISEASES
In systemic sclerosis (SS), the differentiation between the stages of the disease (edematous, fibrotic and atrophic) is critical for treatment planning, and skin involvement can estimate the participation of internal organs and the patient's prognosis. 44, 45, 46 Thus, for an overall evaluation of the SS a thorough study of skin changes is critical. 47 To measure the extent of hardening of the skin, the modified Rodnan score is used, but an objective and reproducible method, which differentiate from edema, is critical to managing the disease. HFUS enables monitoring the developments of SS and the proposed treatment in a serial and non-invasive manner. Low echogenicity and increased skin thickness represent the edema in an initial phase while the decrease of skin thickness and increased echogenicity correspond to fibrosis and thinning. 45 Color Doppler allows the study of the digital arteries dynamically, being an excellent method to evaluate the peripheral vascular disease. 47 Just like in SS, controlling the activity and extent of disease in morphea is important in the selection of treatment. In HFUS, echogenicity follows the activity of the framework: inflammatory lesions are hypoechoic while sclerotic are hyperechoic. 48 Li et al highlighted the importance of this imaging method in the follow-up of children with morphea, because the skin texture changes throughout its development, hindering clinical monitoring. 49 A wide scan of the affected area with HFUS enables the detection of subclinical lesions allowing early treatment. This method can also be used to assess the effectiveness of the treatment. 50 On color Doppler mapping, detection of increased skin blood flow can be considered a highly sensitive and specific finding in disease activity. 51 In the evaluation of psoriasis, the HFUS associated with color Doppler imaging can be used to assess disease activity and response to treatment. In psoriatic plaque, the most common ultrasound finding is thickening of the epidermis and dermis due to the increased proliferation of keratinocytes and accumulation of inflammatory cells. 52 As skin thickness varies by anatomical site, comparative study with healthy contralateral area is necessary (Figure 7 ). During the
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active phase, in HFUS, it´s possible to observe a subepidermal hypoechoic line and, in color Doppler, there is an increased blood flow in the dermis. Gutierrez et al proposed that the study of the microcirculation can be a marker of activity of the psoriasis. 53 The ultrasonographic changes of the nail apparatus are loss of the bimorph aspect of the nail plate and presence of pittings or irregularities on the nail surface. Plantar warts can be easily detected by HFUS. The interruption of the epidermis can be observed, as well as the presence of hypoechoic lesions affecting the epidermis and dermis, and in most cases, increased arterial blood flow in the dermis (Figure 8 ). Thus, HFUS provides accurate information on the location and extension, enabling appropriate therapeutic choice. 55 Clinical manifestations of active and scarring acne can be studied in HFUS. The degree of inflammatory reaction can be monitored with color Doppler and ultrasound study provides the size, depth and morphology of scar lesions. 56 Wortsman et al assessed areas affected by hidradenitis and observed increased thickness and decreased echogenicity of the skin. With the HFUS, it is also possible to detect subclinical lesions and fistulas. Color Doppler shows increased vascularity.
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AGING SKIN AND COSMIATRY HFUS can be used to assess, quantify and classify skin aging. 24 Intrinsic aging (senility) has as main histological features thinning of the dermis with collagen decrease, elastic fibers degeneration and less hydration. In HFUS, these changes are consistent with alterations in echogenicity of the dermis, which is directly related to the density of the extracellular matrix. In photoaging, the most relevant histopathological findings are solar elastosis, collagen architecture change and glycosaminoglycan accumulation. These changes are reflected in the ultrasound image, in the formation of a subepidermal low echogenicity band (SLEB) (Figure 9) . 58, 59 However, as the echogenicity of the dermis and SLEB are subject to individual variations, as hydration and anatomical site, new studies with high frequency and good resolution equipment are needed so that these parameters can be used as aging markers. 60 In dermal filling, HFUS allows an effective control of the location of the applied product and volume of skin deposits, which can improve the quality of the procedure. 61, 62 Kohn et al, evaluating procedures with hyaluronic acid, concluded that ultrasound morphology depends on the injection plan. In the dermis, there is an increase in echogenicity as subdermal injections produce multiple anechoic pearls. 63 De Pasquale et al observed that, in the subcutaneous tissue, hyaluronic acid is perceived as a regular, well defined, hypoechoic mass. 64 As different fillers have their own characteristics to HFUS, this may also be useful to differentiate their nature so as to detect possible complications.
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OTHERS
Grap et al, using HFUS to early detect pressure ulcers, concluded that changes in thickness and echogenicity of the skin layers are markers of tissue damage and precede the onset of clinically visible lesions. 65 In skin diseases that cause skin thinning, as linear atrophoderma of Moulin, HFUS can be useful both in the evaluation and in the follow up of these patients because it enables the comparative study of contralateral anatomical region, which is not affected. plantar hyperkeratosis, showed that congenital pachyonychia (CP), due to the formation of blisters, can be differentiated, in HFUS, from the Meleda disease and from epidermolytic palmoplantar keratoderma. In CP is observed, between the epidermis and the dermis, an anechoic layer corresponding to the blister liquid, which supports the diagnosis and justifies the pain reported by patients.
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CONCLUSION
At a time when different techniques of diagnostic imaging converge to the improvement of skin analysis, HFUS provides useful information for the diagnosis, monitoring and treatment of physiological and pathological changes of the skin and its appendages.
However, because its application is relatively new in dermatology, further studies are needed so that terminology and evolutionary analysis criteria can be standardized, expanding its practice in dermatology routine.q How to cite this article: Barcaui 
-Check the right alternative:
a) The higher the frequency of the ultrasound transducer, the smaller the wavelength that reaches the tissues. b) In two-dimensional ultrasound (B-mode), the brightness of each pixel corresponds to echo frequency. c) The echogenicity of each tissue is inversely proportional to the speed at which the sound wave can pass through it. d) In normal skin, the echogenicity of each layer is not dependent on its structural member.
4 -When we conduct a skin ultrasound examination, we should consider the following statements, except: a) The gel layer between the skin and the transducer must be thick. b) The contact of the transducer with the skin should always be performed by applying pressure to obtain an image with good resolution. c) In examining one hairy region, shaving must be done preferably with blade. d) For the examination of the nails, the fingers should stay extended.
-Regarding the skin examination with HFUS, we can say that:
a) The epidermis is presented as a hypoechoic line.
b) The dermis is presented as a hypoechoic band, shinier than the epidermis. c) The subcutaneous tissue presents itself as a hypoechoic layer with the presence of longitudinal hypoechoic structures. d) The echogenicity of each layer depends on its main component.
6 -Are characteristics of normal skin to ultrasound, except: a) In the scalp, the hair follicles appear as hyperechoic structures which extend to the subcutaneous tissue. b) In individuals with photodamage, a subepidermal band with low echogenicity is observed between the epidermis and the dermis. c) In newborns, the echogenicity of the dermis is slightly hypoechoic. d) In palmoplantar region, the epidermis presents with bilaminar aspect.
7 -Regarding the sonographic image of basal cell carcinoma, it is correct to state that: a) Frequently the presence of hyperechoic points in its interior is observed, due to the presence of corneal cysts, microcalcifications and clusters of apoptotic cells within the tumor mass. b) Generally it presents as hiperechogenic area contrasting with adjacent healthy tissue. c) Its contour is always well defined and symmetrically distributed. d) As in dermoscopy, it is possible to distinguish arboriform telangiectasia. 
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Information for all members: The EMC-D questionnaire is now available at the homepage of the Brazilian Annals of Dermatology: www.anaisdedermatologia.org.br. The deadline for completing the questionnaire is 30 days from the date of online publication.
